I -INTRODUCTION. The separation o f the " p o s i t i v e " and "negative" angle components from t h e experimental data.
The angular d i s t r i b u t i o n o f c 1 2 + c 1 2 e l a s t i c s c a t t e r i n g a t 1.016 GeV /1,2/ has reveal e d a p a t t e r n s i m i l a r t o t h a t already observed i n a-nucleus s c a t t e r i n g a t intermediat e energies. I n the l a t t e r case, the p a r t i c u l a r form o f the angular d i s t r i b u t i o n has been a t t r i b u t e d /3/ t o a r e f r a c t i v e e f f e c t due t o a nuclear rainbow. The q u a l i t a t i v e i d e n t i f i c a t i o n o f a rainbow i s based on the s i m i l a r i t y between the angular d i s t r i b ut i o n p a t t e r n and t h a t o f an A i r y f u n c t i o n . This procedure i s q u i t e simple a t low i n c i d e n t energies, because i n t h i s case only the Coulomb rainbow i s present /4/. However, a t intermediate energies, the nuclear transparency becows l a r g e enough t o reveal a d d i t i o n a l (nuclear) r e f r a c t i v e c o n t r i b u t i o n s . As a r e s u l t , the two c o n t r i b ut i n g e f f e c t s give r i s e t o a complicated p a t t e r n due t o i n e v i t a b l e wave-mechanical i n t e r f e r e n c e s and t h e r e f o r e the i d e n t i f i c a t i o n o f the nuclear r e f r a c t i v e c o n t r i b ut i o n as a "rainbow", becomes ambiguous. I n f a c t , i n the r e s u l t i n g angular d i s t r i b ut i o n only an e x p o n e n t i a l -l i k e decrease, a t l a r g e angles, i s reminiscent o f an A i r y p a t t e r n . To avoid such d i f f i c u l t i e s , we s h a l l proceed f i r s t t o the e l i m i n a t i o n o f the i n t e r f e r e n c e term from the angular d i s t r i b u t i o n . This can be done by evoking the p r o p e r t i e s o f the envelopes o f the o s c i l l a t o r y p a t t e r n . These envelopes a r e defined by, /5,6/ where a+ and o-are the s c a t t e r i n g cross-section through "negative" and " p o s i t i v e " angles, r e s p e c t i v e l y . A t each s c a t t e r i n g angle 8, t h e two values Et , allows us t o o b t a i n a+ from ( 1 ) . The r e s u l t s we o b t a i n / 6 / , are shown i n f i g u r e s 1 and 2, f o r e l a s t i c S c a t t e r i n g o f a on ~a 4 0 (104 NeV) /7/ and c12 on ~1 2 (1.016 GeV)/l/. The upper p a r t o f these f i g u r e s , shows the experimental data as w e l l as the envelopes E, . The two components a+ are shown b y open c i r c l e s i n lower p a r t o f the f i g u r e s . I n both cases, the exponential-1 i ke component can be unambiguously i d e n t i f i e d as due t o a Coulomb rainbow, i .e., the " p o s i t i v e " angle component. For a + ca40, we immediatly recognize i n the "negative" angle com onent, an Airy-type p a t t e r n , signature of a nuclear rainbow. However, f o r ~1 2 + C l q , the i n t e r p r e t a t i o n o f the o+ / oR component i s considerably less c l e a r . The aim o f the present work i s t o c l a r i f y both q u a l i t a t i v e l y and q u a n t i t a t i v e l y the o r i g i n o f the "negative" angle component a t intermediate energies E S 100 MeV/A. P a r t i c u l a r a t t e n t i o n should be p a i d t o the r e l a t i v e importance o f r e f r a c t i v e and absorptive e f f e c t s .
I1 -The uniform asymptotic e v a l u a t i o n o f t h e h i g h energy s c a t t e r i n g amplitude
Assuming V / E << 1 (V i s a measure o f the absol Ute magnitude o f the p o t e n t i a l ) and kR>> 1, the s c a t t e r i n g amplitude i s w r i t t e n , i n the R-representation /8/, The a+ component i s obtained through the i n t e g r a l (4), i n which w(R) and ~( t ) are supposed t o be smooth varying f u n c t i o n s o f R . As i s w e l l known, i n the c l a s s i c a l l i m i t , the i n t e g r a l ( 4 ) can be evaluated w i t h h i g h degree o f accuracy by s t a t i o n a r y phase methods. However, i n the present case, the p o i n t s o f s t a t i o n a r y phase can be e i t h e r w e l l separated o r coalesce , when 8 varies. To account f o r both s i t u a t i o n s , we use the uniform asymptotic approximation /9,10/. The i n t e g r a l (4) 
Now, the s t a t i o n a r y phase p o i n t s o f p+(R,B), are those s a t i s f y i n g p;(R,B) = 0 , o r
The l e f t -h a n d side o f ( 9 ) i s the expression o f the c l a s s i c a l d e f l e c t i o n angle /12/ i n the l i m i t V/E << 1. Equation (9) 
i s w r i t t e n @ (R) = -8. Therefore t o evaluate a+(B) we o n l y need the negative p a r t o f the d e f l e c t i o n f u n c t i o n 8 (R) . W e paramat r i z e B(R) by
where 8 , q and R can be r e l a t e d t o the parameters o f the r e a l p a r t o f the o p t ic a l p o t e s t i a l . The rnuclear rainbow angle er , can be evaluated from ( 9 ) . W e take f o r V(r) a Wood-Saxon shape, V = -Vo [ 1 +exp (R-r)/a 1 -1 . The f o r c e f = -Var i s almost n e g l i g i b l e outside the range R-a < r < R+a , where i t remains close t o -V ' ( r ) r = R = -V o / 4 a . Now, the maximum s c a t t e r i n g angle, i s reached by the t r aj e c t o r y of impact parameter b=R-a. P u t t i n g b / r %1 i n (9), one obtains, To remain consistent with the quasi-classi cal regime expressed by ( 3 ) , the thickness ( % 2 A ) of (13) Taking into account (10) and (14), one obtains from (8), To analyze the angular distributions, we shall take the product ( 8 x cr+ (9) I rather than a+ (9) 
x .(e-le,l)/q1/3 This limit corresponds t o a transparent nucleus. The resulting pattern i s that of an Airy function which exhibits the fami l i a r structure due to interferences of classical trajectories near a "rainbow". As absorption i s introduced, a > 0 , the oscillatory structure gradually disappears. However, i t should be noted that for e S J e r J the e f f e c t of absorption i s rather small. The asymptotic behaviour of F,(x) i 11 ustrates these qualitative analysis. One has, e < < l e r 1 , I x l > > l ( x < O ) and a 3 1 This expression shows the strong dependency of the angular distribution pattern on the parameter a , in the angular range 0 < le,l. This expression i s independent of a . This i s an important result. I t means that :
For 8 5 the scattering cross section i s weakly affected by absorption and therefore remains essentially determined by the nuclear rainbow e f f e c t .
W e now consider the p a r t i c u l a r case o f c12+ c12 s c a t t e r i n g a t E =1.016 GeV. With the p a r a w t e r s o f Buenerd e t a l . /2/, f o r V ( r ) , one has from (11) and (12) Or= lo0, and q =0.000547. These define the reduced v a r i a b l e x. W e have p l o t t e d i n f i g u r e 3 the p o i n t s a t t r i b u t e d t o the o+(e) component (see f i g u r e 2) mu1 t i p l i e d by s i n 8 . A reasonably good agreement i s obtained w i t h t h e curve Fa(x), f o r a = 2. This leads t o A =6.11 and, as fir% kR = 44.2, one obtains !Lo = 59 and expw (fir) =IS(fir)l = = 0.089.~0.1. These values are very close t o those obtained by a phase s h i f t analysis o f the data /lo/, I n the l i g h t o f the arguments given above we can conclude w i t h two main remarks :
For e << lerl , the absorption s t r o n g l y reduces the c o n t r i b u t i o n o f the i n n e r branch ( R < f i r ) of the d e f l e c t i o n f u n c t i o n . As a r e s u l t , the f i r s t "rainbow" maximum i s masked.
For e 3 ierl the e x p o n e n t i a l -l i k e decrease observed i n the s c a t t e r i n g crosss e c t i o n of c12+c12 a t 1.016 GeV, i s e s s e n t i a l l y a shadow e f f e c t due t o a nuclear rainbow.
